Osteosarcoma (OS) is a malignant bone tumor very often with pulmonary metastasis and is the main cause of OS mortality. The objective of this study was to screen for possible biomarkers of metastatic OS to explore the mechanisms of pulmonary metastasis of OS through network construction. GSE14359 was downloaded from the Gene Expression Omnibus database, which included 5 samples from conventional OS group with 2 replicates and 4 samples from OS pulmonary metastasis group in duplicate. Differentially expressed genes (DEGs) between two groups were identified by limma packages in R and classical t-test with the threshold of the false discovery rate (FDR) <0.05. The Database for Annotation, Visualization and Integrated Discovery (DAVID) were then used to perform functional annotation (FDR < 0.01). Differential coexpression network was constructed with subspace differential coexpression analysis (SDC), and genes with high degrees in the differential coexpression network were identified.
Osteosarcoma (OS) is the most common primary malignant cancer of the bone in both children and young adults [1] . Moreover, approximately 15-20% of patients present with discernable metastasis [2] , frequently for lung [3] . Though the overall recurrent-free survival rate over 5 years remains approximately 65% with neoadjuvant chemotherapy combined with surgery, while when pulmonary metastasis, less than 30% [4] . In addition, neoadjuvant chemotherapy remains controversial in the world [5] . The treatment for OS is very challenging. Hence, it is important to identify molecular targets to prevent pulmonary metastases during the early stage, and further to improve the prognosis of OS patients.
The underlying pathogenesis has been difficult to establish because of its heterogeneous histology and complex etiology. Extensive efforts have been made to explore the potential etiology and molecular mechanisms. Reversion-inducing cysteine rich protein with Kazal motifs (RECK), a member of antiangiogenic factors, is down-regulated in OS [6] . The expression level of TGF-β1 is significantly higher in high-grade OS than low-grade OS [7] . Densmore et al. have shown that p53 can effectively reduce the number and the size of lung metastases in OS cases, and also relieve the systemic toxicity by aerosol gene therapy with PEI-p53 complexes [8] . Further, A former research has reported that the human homologue of the murine double minute 2 gene (MDM2), as a regulator of p53 protein function, might be related to tumor progression and metastasis in OS [9] . A previous study also reported that high Ezrin expression was linked to pulmonary metastasis in an OS mouse model partially dependent on activation of Mitogen-Activated Protein Kinases (MAPK) [10] . Matrix metalloproteinases (MMPs) including MMP-2 and MMP-9 have been revealed to be essential in the degradation of base-ment membrane and extracellular matrix considered to be crucial in the process of invasion and metastasis of OS [11, 12] . Kayaga et al. has demonstrated that the adenoviral IL-12 gene delivery via instillation effectively inhibited the growth of OS metastases in lung [13] . However, the highly complex molecular mechanisms of OS lung metastases are still poorly understood.
Nowadays, microarray analysis has been applied to observe the alterations of gene levels and screen for potential targets in OS [14] . Therefore, more researchers made use of bioinformatics methods to analyze the information of GSE14359 offered by Guenther et al. [15] who analyzed the expression of EphA2 in OS and the activation of the mitogenic signaling pathway. A previous study has demonstrated that some pathways play important roles in the progression of OS such as phosphatidylinositol 3-kinase (PI3K)/AKT pathway, antigen processing and presentation, focal adhesion and adherens junction [16] . However, the differential coexpression network based on the DEGs was not analyzed.
Hence, in this study, we also employed the bioinformatics methods to identify the DEGs in the OS lung metastases tumor samples, and built a differential coexpression network based on the DEGs. Furthermore, relevant genes and functional enrichment analysis of DEGs were analyzed to explore the potential molecular mechanisms of OS lung metastases tumor.
Materials and methods
Analysis of Affymetrix microarray data. The gene expression profile of GSE14359 [15] was downloaded from the National Center of Biotechnology Information (NCBI) Gene Expression Omnibus (http://www.ncbi.nlm.nih.gov/ geo/) which was based on GPL96 platform of (HG-U133A) Affymetrix Human Genome U133A Array. In this study, gene microarray data of 5 conventional OS samples (including 2 females and 3 males, the age ranging from 7 to 74 years old, the grade from 2 to 3) with 2 replicates and 4 OS pulmonary metastasis samples (including 3 females and 1 male, the age ranging from 21 to 45 years old, the grade from 1 to 3) in duplicate were obtained. Raw data and the probe annotation files were downloaded for further analysis.
Data processing and identification of DEGs. The Affy package [17] from Bioconductor and Affy probe annotation files provided by Brain Array Lab were used to preprocess the gene expression profile of GSE14359. Specific steps were as follows: data in CEL format were converted into expression measures, followed by background adjustment, quartile data normalization using the robust multiarray average (RMA) algorithm [18] , and probe summarization. Finally, the gene expression matrix was obtained.
The linear models for microarray data (Limma) package [19] in R language and the classical t-test were applied in our analysis to identify differential expressed genes (DEGs) between samples. The false discovery rate of P-value (FDR) < 0.05 was chosen as the cut-off criterion which was calculated using the Benjamini & Hochberg [20] method.
Cluster analysis of DEGs. To analyze the changes of DEGs between conventional OS samples and OS pulmonary samples, the gplots package [21] of Bioconductor was used to build the cluster heat map of DEGs. The matrix of mean expression levels of DEGs was formed between conventional OS samples and OS pulmonary samples. |log2 FC| > 2 were selected as the cut-off criteria.
Gene ontology functional enrichment analysis. Gene ontology (GO) analysis has been used as functional enrichment studies of large-scale genes frequently [22] . GO functional enrichment analysis was performed with Database for Annotation, Visualization and Integrated Discovery (DAVID), which is a tool providing a comprehensive set of functional annotation for researchers to understand the biological meaning behind a large number of genes [23] . The FDR < 0.01 was considered statistically significant.
Differential coexpression network construction. Interaction networks of differential coexpression genes were constructed with subspace differential coexpression analysis (SDC) [24] . Specific steps are as follows: (1) subspace DC patterns were obtained using SDC, controlling r = 0.2, d = 0.2 and minimum size = 3; (2) the subspace DC patterns without DEGs were filtered. The involved genes were used to construct the differential coexpression network. Based on this information, we constructed a differential coexpression network and screened the hub genes with the highest number of interactions using Cytoscape [25] .
Results
Microarray data analysis. Based on the research criterion (FDR < 0.05), a total of 1344 genes were screened as DEGs, including 677 up-and 667 down-regulated DEGs after microarray analysis.
The cluster analysis of the DEGs. Based on the |log2 FC| > 2, 258 DEGs (including 227 up-and 31 down-regulated DEGs) were obtained between conventional OS samples and OS pulmonary samples. Then, the cluster analysis was performed to explore the changes of the 258 DEGs. The cluster heat map was shown in Figure 1 .
GO enrichment analysis. We used the DAVID to identify GO enriched functions. The FDR less than 0.01 was chosen as threshold, 31 significantly enriched functions were obtained ( Table 1) . The most remarkable function was regulation of cell proliferation (FDR = 4.11E-05). The other significant functions included blood vessel morphogenesis (FDR = 0.0027), defense response (FDR = 0.0028), cell death (FDR = 0.0035) and so on.
Differential coexpression network. Networks of differential coexpression genes were constructed with SDC. Firstly, subspace DC patterns were obtained using SDC, controlling r = 0.2, d = 0.2 and minimum size = 3. Under this condition, we obtained 284 subspace DC patterns in pulmonary metastasis OS and the conventional OS, including 2 with the size of 5, 25 with the size of 4, and 257 with the size of 3. Submodules were converted to the corresponding network, there were 437 interaction pairs which contains 67 genes. Then, based on DEGs, subspace DC patterns without DEGS were filtered. A total of 74 submodules were got, including 69 with the size of 3, 5 with the size of 4. In our study, 42 genes and 135 edges were involved in the networks (Figure 2) , moreover, 12 nodes were highest degrees in the differential coexpression network ( Table 2 ). The differential coexpression network contained a total of 7 DEGs among which 6 DEGs with the higher degrees including formin-like 1 (FMNL1) (degree = 17), brain-specific angiogenesis inhibitor 2 (BAI2) (degree = 11), dual-specificity phosphatase 7 (DUSP7) (degree = 12), transient receptor potential melastatin 2 (TRPM2) (degree = 9), CBP80/20-dependent translation initiation factor (KIAA0427) (degree = 10) and C120rf35 (degree = 14).
Discussion
In the current study, we investigated gene expression profile GSE14359 and explored the underlying molecular mechanisms of metastatic OS using bioinformatics methods. Totally 1344 DEGs including 677 up-and 667 down-regulated DEGs were screened. Thirty-one significantly enriched functions were obtained, such as regulation of cell proliferation, defense response, cell death, blood vessel morphogenesis and so on. Six DEGs including FMNL1, BAI2, DUSP7, TRPM2, KIAA0427 and C120rf35 had higher degrees in the differential coexpression network.
The development of metastasis is a major cause of death in many human cancers. Growing evidence indicates that the actin-based processes, such as the cell polarity, cell migration, and filopodium formation, may also be important in advanced tumors and may correlate well with their invasion into adjacent tissues and the formation of metastases [26, 27] . FMNL1 is a member of the diaphanous-related formins (DRFs) that regulate the functions of the actin cytoskeleton and Rho fam-control, infiltration, migration and metastasis [30] . Alteration of FMNL1 expression was described in several tumor tissues and reported to be associated with tumor progression. For example, FMNL1 expresses highly in many epithelial cancer cell lines [31] . Moreover, FMNL1 regulates cell motility in macrophages and also promotes proliferation and migration in leukemia cells [32, 33] . However, the current knowledge about the involvement of FMNL1 in OS pulmonary metastasis is little. In our study, FMNL1 was significantly up-regulated in the OS lung metastases tumor samples compared with the conventional OS samples. In light of these results, we infer that FMNL1 might be a potential metastasis associated gene of OS.
In our study, we found DEGs were mostly enriched in blood vessel development, angiogenesis, and vasculature development. It is well known that angiogenesis and vasculature development play an important role in the process of tumor growth and metastasis [34] and can be stimulated by positive factors, such as vascular endothelial growth factor (VEGF) [35] . BAI2, one of DEGs, was shown to be significantly up- ily guanosine triphosphatases (GTPases) [28, 29] . Rho family has close relationship with tumor development. FMNL1 may regulate Rho-related signal pathways involved in polarity regulated in OS lung metastases tumor samples in the present study. Previous studies have indicated that high recurrence rate and high metastatic potential of OS are associated with high levels of vascularisation [36, 37] . The increased mRNA expression of VEGF has been reported in OS [38] . Previously, Jeong et al. pointed out that decreased BAI2 induced increased VEGF transcription through decreased GA-binding protein (GABP) under normal conditions and cerebral ischemia [39] . Therefore, we inferred that there is the potential link underlying the negative correlation between BAI2 and VEGF in the metastasis of OS, suggesting that BAI2 can be used as a new target gene to play a role through anti-angiogenesis in OS metastasis. DUSP7 was also demonstrated to be up-regulated in our study. DUSP7 belongs to a class of DUSPs which are negative regulators of MAPKs that function by dephosphorylating [40] . MAPK plays a major role in mediating inflammatory, oncogenic signals as well as aggressive behaviour of OS through expression of Raf-1, pMEK1/2 and pERK1/2 which were associated with the occurrence of distant metastasis and poor overall survival [41, 42] . In addition, it is known that the MAPK pathway is involved in the induction of MMP-2, which has been implicated in the invasion and metastasis of OS [43] . Hence, DUSP7 might be an important gene contributing for development metastasis of OS.
Apoptosis, also known as programmed cell death, plays an important role in the development of OS. There is evidence that it may be effective to induce the apoptotic processes to prevent tumor formation, recurrence and metastasis [44] [45] [46] . B-cell lymphoma 2 (Bcl-2) is a member of Bcl-2 protein family which is comprised of anti-apoptotic proteins and pro-apoptotic proteins. In clinical trials, the expression level of Bcl-2 has been shown higher in OS patients with recurrent pulmonary metastases compared with those with primary tumors, and the expression of Bcl-2 was also shown to be closely associated with the prognosis of OS patients [47, 48] . TRPM2, one member of the TRPM subfamily, is a Ca 2+ -permeable, non-selective cation channel involving in apoptosis. TRPM2 was shown to modulate hematopoitic cell death though activation of caspases and poly ADP-ribose polymerase (PARP) cleavage [49] . Knocking down TRPM2 with siRNA technique inhibited the growth of prostate cancer cells rather than of non-cancerous cells [50] . TRPM2 mRNA was found in many primary breast tumors, but no apparent relationship to survival [51] . Besides, overexpression of TRPM2 increased susceptibility of melanoma to apoptosis [52] . Based on these conclusions, we speculate TRPM2 may play a critical role in the metastasis of OS.
In conclusion, the identified DEGs, especially BAI2, FMNL1, DUSP7 and TRPM2, may be pivotal genes for the metastasis development in OS, and these genes may be useful markers for predicting tumor metastasis and therapeutic targets for the treatment of OS patients with metastasis. However, there are two shortcomings in this paper. Firstly, the sample size was too small. Secondly, study was carried out based on the bioinformatics methods and the conclusions have not been proved by relevant experiments yet. Necessarily, further experiments are indispensable to verify the effects and mechanisms of BAI2, FMNL1, DUSP7 and TRPM2 in metastatic OS.
